Introduction: Low-dose methoxyflurane, admin istered via a hand-held inhaler, has been used for short-term pain relief in emergency medicine in Australia and New Zealand for over 40 years, and was recently approved in Europe for the rapid
relief of moderate-to-severe trauma-related pain in adults. There is currently a lack of data for methoxyflurane versus active comparators, therefore this trial will investigate the efficacy and safety of inhaled methoxyflurane compared with standard of care (SoC) in the treatment of acute trauma-related pain in pre-hospital and ED settings in Italy. Methods: MEDITA (Methoxyflurane in Emergency Department in ITAly) is a Phase IIIb, prospective, randomised, active-controlled, parallel-group, open-label, multicentre trial. A total of 272 adult patients with moderate-tosevere pain [score C 4 on the Numerical Rating Scale (NRS)] due to limb trauma will be randomised 1:1 to receive 3 mL methoxyflurane (self-administered by the patient via inhalation under supervision of a trained person) or medications that currently comprise the SoC in Italy [intravenous (IV) morphine for severe pain (NRS C 7); IV paracetamol or ketoprofen for moderate pain (NRS 4-6)], administered as soon as possible after randomisation. Planned Outcomes: Pain intensity will be measured using a 100-mm visual analogue scale (VAS) at baseline (time of randomisation) and at intervals up to 30 min. Time of onset of pain relief as reported by the patient and use of rescue medication will be recorded. The patient will rate the efficacy and the healthcare professional will rate the practicality of study treatment at 30 min after randomisation using a 5-point Likert scale. Adverse events will be The members of the MEDITA Group are listed in acknowledgements.
recorded until safety follow-up at 14 ± 2 days. Vital signs will be measured at baseline, 10 and 30 min. The primary aim is to demonstrate noninferiority of methoxyflurane versus SoC for the change in VAS pain intensity from baseline (randomisation) to 3, 5 and 10 min. 
PLAIN LANGUAGE SUMMARY
An estimated 38 million people attend European Emergency Departments (EDs) each year due to injuries, and many experience pain that is inadequately treated. Currently available painkillers (analgesics) have limitations such as being slow to work (oral medications), requiring needles (intravenous medications) or side effects (e.g., opioids). A new analgesic (methoxyflurane) is available in Europe for emergency relief of moderate-to-severe acute pain due to injury. Methoxyflurane is administered using a disposable hand-held inhaler, through which the patient can inhale and control their own level of analgesia. Methoxyflurane has been used in Australia and New Zealand for over 40 years, with nearly 6 million uses to date, but no large-scale trials have assessed its effectiveness compared with other analgesics in the emergency setting. A new trial (MEDITA-Methoxyflurane in Emergency Department in ITAly) will investigate the effectiveness and safety of methoxyflurane versus standard analgesic treatment in Italian emergency medical centres.
The MEDITA trial will enroll approximately 272 adult patients with limb injuries and/or suspected fractures who have moderate-to-severe pain when they are assessed in the ED or are assisted through the 118 Emergency system (pre-hospital and ambulance service). Patients will be randomly allocated to treatment with inhaled methoxyflurane or standard analgesic treatment; this will be intravenous morphine for patients with severe pain and intravenous paracetamol or ketoprofen for patients with moderate pain. The trial will compare reductions in patients' pain intensity, how quickly pain relief is achieved, whether additional analgesics are required and the number and type of side effects between the two treatment groups.
INTRODUCTION
The health burden of injury and trauma pain is significant; each year there are an estimated 38 million injury-related emergency department (ED) attendances across the European Union [1] . The prevalence of trauma-related pain has been reported as 70% of patients in the prehospital setting [2] and up to 91% in the ED [3, 4] , with many patients still experiencing moderate-to-severe pain at discharge [3, 5] . Undertreatment of acute pain (oligoanalgesia) in trauma patients remains a widespread problem in the pre-hospital and ED settings; a study in the pre-hospital setting found the prevalence of oligoanalgesia to be 43% [6] , while a study in the ED found that only 35.7% of patients received analgesia and 12.5% received adequate pain management [7] . Reasons for the undertreatment of pain include inadequate or under-assessment of pain, lack of training or guidance on pain management, insufficient time and resources, and reluctance to administer opioids [8] [9] [10] .
In Europe, commonly used analgesics for trauma pain include paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs), nitrous oxide (N 2 O) and opioids [2, 11] , although there are regional and institutional variations. Current analgesics present several limitations in the treatment of trauma pain with respect to their routes of administration, strength of analgesia, side effect profiles and pharmacokinetic properties [8] . Paracetamol and NSAIDs are weak analgesics often used as first-line treatment of mild-to-moderate pain, but onset of action is slow when administered orally, while parenteral administration requires additional resources for cannulation and may be difficult in the pre-hospital emergency setting. There is also risk of overdose if the patient has already self-medicated before receiving medical assistance. N 2 O is fast acting, but its canisters are bulky and heavy, making them unwieldy to transport and manoeuvre in emergency situations, [12] and must also be used with caution in patients with chest injury due to the risk or accumulation of gas and rapid worsening of pneumothorax if present [13] . Opioids are a highly effective treatment option for severe pain, but require additional resources for prescribing, administration, monitoring and observation due to their controlled status and challenging safety profile. A recent review has estimated the cost per patient of intravenous (IV) morphine administration in Europe at €18-28 (of which €14-22 is accounted for by workforce costs), rising to €121-132 when morphine-related adverse events (AEs) and IV-related complications are also considered [14] . Furthermore, there is often a general reluctance on the part of healthcare providers to prescribe opioids due to concerns over safety, dependence and abuse. According to the Italian Inter-societary Recommendations (SIAARTI, SIMEU, SIS 118, AISD, SIARED, SICUT, IRC) on emergency pain management, ''The ideal pre-hospital analgesic should be simple to use, safe, effective, unaffected by transport times, have a rapid onset, a short duration of action, and be able to be titrated to achieve the desired effect in all patients'' [15] .
Low-dose methoxyflurane, a non-opioid, volatile fluorinated hydrocarbon, administered via a lightweight, disposable, hand-held inhaler (Penthrox Ò ; Medical Developments International Limited, Scoresby, Australia) has recently been approved in Europe for the emergency relief of moderate-to-severe pain in conscious adults with trauma and associated pain [16] . While use of methoxyflurane at higher doses for general anaesthesia was discontinued in the 1970s due to concerns about nephrotoxicity [17] , administration of lower, analgesic doses of methoxyflurane is not typically associated with renal side effects [18] . Low-dose methoxyflurane has been widely used in Australia and New Zealand for over 40 years for short-term pain relief in both adults and children in emergency medicine, minor surgical and dental procedures [19, 20] , with a total of over 5 million administrations worldwide to date [21] .
The European approval for low-dose methoxyflurane was primarily based on a UKbased randomised, controlled trial (STOP!), which demonstrated significantly greater reductions in pain intensity, a rapid onset of action (median 4 min), along with significantly less use of rescue medication and high patient satisfaction with methoxyflurane compared with placebo in 300 patients aged C 12 years with acute trauma pain [22] , as well as in the adult-only subgroup [23] . With the exception of two smaller studies versus intramuscular tramadol [24] and placebo [25] , other clinical data supporting low-dose methoxyflurane in the treatment of trauma pain are mainly from realworld observational or retrospective studies outside Europe [26] [27] [28] [29] [30] . There is a need for better evidence from randomised trials using clinically relevant active controls. Therefore, a randomised controlled trial aiming to investigate the efficacy and safety of low-dose methoxyflurane analgesia compared with standard of care (SoC) in the treatment of acute trauma-related pain has been initiated in emergency units in Italy and is described in this paper.
METHODS

Study Design
MEDITA (Methoxyflurane in Emergency
Department in ITAly) is a Phase IIIb, prospective, randomised, active-controlled, parallelgroup, open-label, multicentre trial of the efficacy and safety of methoxyflurane versus SoC in adult patients with acute trauma-related pain (study code MR311-3504; EudraCT 2017-001565-25; NCT03585374). The study is being conducted at 16 emergency medical centres in Italy (in the pre-hospital or ED settings).
Adult, stable, alert and collaborative patients with limb trauma in a single area and a pain score C 4 on the 11-point Numerical Rating Scale (NRS) presenting at the hospital for triage, or who are rescued in the pre-hospital environment through the 118 system of the participating sites, will be assessed for eligibility in the trial. Full inclusion and exclusion criteria are presented in Table 1 . A total of 272 patients are expected to be enrolled and randomised 1:1 to receive methoxyflurane or medications that currently comprise the SoC in Italy [intravenous (IV) morphine for the treatment of severe pain (NRS C 7) and IV paracetamol or ketoprofen for the treatment of moderate pain (NRS 4-6)]. Patients will receive the assigned study treatment and undergo study assessments in a single day (the day of enrolment and randomisation), with a follow-up telephone call 14 ± 2 days later to assess safety and record any concomitant therapies.
Treatments
Patients will be randomised in a 1:1 ratio to receive either inhaled methoxyflurane or SoC. Treatment randomisation will be through a block randomisation scheme of four prepared by before the start of the trial. No stratification for any characteristic or balancing between the two treatment arms will be performed. After patient details are entered into the electronic case report form (eCRF) and eligibility is confirmed, patients will be randomised automatically through an Interactive Web Response System set up within the eCRF. Treatment will be administered in an open-label fashion commencing as soon as possible after randomisation.
Patients randomised to methoxyflurane will receive one hand-held inhaler with a 3-mL vial of methoxyflurane (Fig. 1 ). Prior to use, the methoxyflurane liquid is added to the inhaler via a one-way valve and is absorbed by a polypropylene wick; once absorbed, the liquid vaporizes and the patient inhales the vapour through the mouthpiece. The patient also exhales back into the mouthpiece, so that any exhaled methoxyflurane is captured by the activated charcoal (AC) chamber, which adsorbs methoxyflurane and prevents fugitive emissions resulting in occupational exposure. The patient will be instructed to inhale intermittently from the device to obtain adequate analgesia. If a greater analgesic effect is required, the patient will be instructed to cover the diluter hole at the mouthpiece end, which, when covered with the patient's index finger, allows the patient to inhale a higher concentration of study medication. One inhaler (3 mL methoxyflurane) will provide approximately 1 h of analgesia under suggested intermittent inhalation conditions; continuous inhalation reduces the duration of use to approximately 25 min of analgesia.
For patients randomised to SoC, treatment will be determined based on the intensity of the patient's pain. Patients with severe pain (NRS C 7) will receive IV morphine (0.10 mg/kg). Patients with moderate pain (NRS 4-6) will receive IV paracetamol (1 g) or ketoprofen (100 mg), chosen by the investigator on the basis of availability and local practice, and considering any prior history of allergy in the patient.
If a patient in either treatment group experiences insufficient analgesia, rescue medication will be permitted according to local practice from 25 min after randomisation (after measurement of pain relief for this time point). However, the investigator may administer rescue medication at any time at his/her discretion in the event that pain worsens, or improvement is insufficient.
Study Objectives and Endpoints
The primary objective of the trial is to assess the efficacy of inhaled methoxyflurane in the treatment of moderate-to-severe acute traumarelated pain compared with SoC. The primary, secondary and exploratory objectives of the trial and associated endpoints are presented in Table 2 . Baseline will be taken as the time of randomisation. This is intended to take into account not only the intrinsic efficacy of the trial treatments but also the speed of drug administration in the emergency setting, since the aim of treatment is to relieve the patient's pain as rapidly as possible and allow continuation of the diagnostic-therapeutic process.
Pain intensity (as a trial endpoint) will be assessed using a 100-mm visual analogue scale (VAS; 0 = no pain to 100 = maximum pain) at Haemorrhagic diathesis baseline and at 3, 5, 10, 15, 20, 25 and 30 min, or until rescue medication is administered. The patient will be asked to respond to the question ''How much pain do you feel at this moment?'' by independently marking a vertical line on the VAS that best represents their state and signing and dating the record. Given the emergency/ rescue setting and the short detection times for the variable, a specially trained healthcare professional may assist the patient by administering the VAS and recording the value and time if required, but the patient must authenticate this with a signature and date as soon as they are able. The time of onset of pain relief as reported by the patient will be recorded. For patients randomised to methoxyflurane, it will be noted (yes/no) whether the patient covered the diluter hole during inhalation. Use of rescue medication (yes/no), including the type, dose and time after randomisation (if applicable), will be recorded.
At 30 min after randomisation, the patient will be asked to rate the overall efficacy of the study treatment and the healthcare professional will rate the practicality of using the study treatment. Both will be rated on a 5-point Likert qualitative scale (''Poor'', ''Fair'', ''Good'', ''Very Good', or ''Excellent'').
Adverse events (not related to the trauma presentation) will be recorded from the time of randomisation until the safety follow-up telephone call at 14 ± 2 days after treatment. Vital signs (supine systolic and diastolic blood pressure, heart rate and respiration rate) will be measured at baseline (if not already assessed during the selection phase) and at 10 and 30 min after randomisation. Concomitant therapies taken by the patient within 7 days To describe how many patients resort to closure of the diluter hole during self-administration of inhaled methoxyflurane
Percentage of patients who resort to closure of the diluter hole (patients randomised to methoxyflurane)
prior to inclusion in the trial and during the following 14 days, including rescue medication use, will be recorded. Additionally, the final diagnosis of the trauma category (fracture, dislocation, crushing, contusion) will be recorded during the safety follow-up telephone call. All data collected during the trial will be entered into an eCRF system accessible via the internet.
Sample Size Estimate
The primary objective to show non-inferiority of methoxyflurane compared to SoC will be evaluated on the basis of the difference in the change from baseline (randomisation) in VAS pain intensity at 3, 5 and 10 min. Assuming a non-inferiority margin of 1.0, a standard deviation of 2.5 [22] and a significance level of 0.05, a sample size of 108 patients per treatment group will provide a power of 90%. Allowing for 20% of patients being non-evaluable, a total of 136 patients per treatment group are required to be randomised. The co-primary objective was not considered in the sample size calculation because enrolment will not be balanced by baseline pain severity, and the number of patients enrolling with severe pain (NRS C 7) will be unpredictable. The robustness of the obtained estimates for the co-primary endpoint will be appropriately studied and commented on during analysis.
Statistical Analyses
The primary objective is to demonstrate noninferiority of methoxyflurane versus SoC with regard to the change in VAS pain intensity from baseline (randomisation) to 3, 5 and 10 min (primary endpoint). The primary endpoint will be analysed using a repeated-measures analysis of covariance (ANCOVA) adjusted for baseline VAS score, and the interaction between time point and treatment. The statistical model will be used to calculate the treatment difference (methoxyflurane-SoC) and associated 95% confidence interval (CI) at each time point; the primary analysis is the overall test for treatment effect considering all three time points. Noninferiority will be concluded if the estimated upper 95% confidence limit is below the noninferiority margin of 1.0. The co-primary objective to demonstrate superiority of methoxyflurane versus IV paracetamol/ketoprofen in patients with moderate pain (NRS 4-6) at baseline, and the secondary objective to demonstrate superiority of methoxyflurane versus SoC across all patients, will each be evaluated using a similar repeated-measures ANCOVA on the primary endpoint. For secondary and exploratory VAS pain intensity endpoints, the mean change from baseline at each time point will be estimated with 95% CI in each treatment group. For other secondary endpoints, the percentage of patients who resort to additional analgesia (rescue medication) will be compared between the treatment groups using a Z test. The time from randomisation to the onset of pain relief will be described for each treatment group using Kaplan-Meier curves and, if appropriate, compared between the treatment groups using a Cox proportional hazards model. For patient ratings of efficacy and healthcare professional ratings of practicality of study treatment, the percentage of patients in each response category will be calculated for each treatment group and, if appropriate, the proportions will be compared between the treatment groups using a Chi squared test. The proportion of patients in the methoxyflurane treatment group who resort to closure of the diluter hole (exploratory endpoint) will be evaluated as a relative frequency with 95% CI.
Adverse events will be coded using the Medical Dictionary for Regulatory Activities and summarised descriptively (using absolute frequencies and percentages) for each treatment group. The mean change from baseline (randomisation) to 10 and 30 min for each vital sign parameter will be calculated with relative 95% CIs for each treatment group. All efficacy and safety analyses will be performed using the intention-to-treat population, defined as all randomised and eligible patients who received study treatment. No imputation of missing data is anticipated, therefore only patients with available data will be considered for each analysis.
Strengths and Limitations of the Study
The trial is designed to compare the efficacy and safety of low-dose methoxyflurane versus the SoC for acute trauma-related pain. The medications which constitute the SoC in Italy are IV morphine for severe pain (NRS C 7) and IV paracetamol or ketoprofen for moderate pain (NRS 4-6). Morphine is generally accepted as the ''gold standard'' for the treatment of severe pain. The choice of two comparators for the treatment of moderate pain reflects the heterogeneity of treatment available in the country and also allows for a therapeutic alternative in the event that the patient is allergic to paracetamol or NSAIDs. These treatments are commonly implemented in pain management guidelines [11, 14] and have been shown to be effective options for the management of moderate-to-severe musculoskeletal pain [31] [32] [33] . The definitive SoC in Italy will allow for a clear and consistent comparative treatment arm, while the co-primary objective will allow a separate comparison of methoxyflurane versus IV paracetamol/ketoprofen for moderate pain. A similar randomised controlled trial has recently completed in Spain [34] , where there is no wellestablished standard of analgesic treatment or clinical guidelines for managing trauma pain, therefore methoxyflurane was compared with the SoC for the individual study site.
Risks for the patient randomised to treatment with methoxyflurane are considered to be minimal. With over 40 years of clinical use as an analgesic in Australia and New Zealand and over 5 million administrations to date, methoxyflurane has an established safety profile and has no clinically significant effects on systolic blood pressure, pulse rate, respiratory rate or consciousness levels [35, 36] . The most common adverse events are headache and dizziness; adverse events are generally mild and transient, resolving after inhalation is stopped [16] . Although nephrotoxicity was previously a concern with much higher anaesthetic doses of methoxyflurane [17] , clinical experience suggests that a low but effective analgesic dose is not associated with the risk of renal adverse events [18] . Laboratory evidence shows a large safety margin for analgesic use of methoxyflurane; the maximum exposure from a single inhaler is 0.3 alveolar concentration (MAC)-hours, which is well below the reported level of risk of nephrotoxicity of 2.0 MAC-hours [18] . Furthermore, a retrospective linkage study of 17,629 patients exposed to at least one dose of methoxyflurane for pre-hospital analgesia showed that methoxyflurane was not associated with an increased risk of renal or hepatic failure [37] . Pain assessment for the purposes of verifying trial eligibility will be performed using the 11-point NRS (ranging from 0 ''no pain'' to 10 ''worst possible pain''). The NRS score is the most frequently used clinical and emergency tool for pain surveys due to the ease with which the measurement can be administered and collected [38] . For this reason, many of the guidelines on the use of pain therapy are based on the NRS score and the related classification (NRS 1-3 = mild pain; NRS 4-6 = moderate pain; NRS C 7 = severe pain). The 100-mm pain VAS (0 = no pain to 100 = maximum pain) will be used for assessing pain intensity as an efficacy endpoint in this trial, as it is a more sensitive tool (allowing the patient to mark a point on the scale that is measured to the nearest mm), and will permit direct comparison of data from this study with data from the STOP! study [22] . The pain VAS is frequently used in pain studies because is easy to use, requires no verbal or reading skills, and is sufficiently versatile to be employed in a variety of settings [39, 40] .
A limitation of the trial is its open-label design. A double-blind study, while ideal from a methodological perspective, was not feasible due to the different routes of administration and unique characteristics of the trial treatments (methoxyflurane has a distinctive fruity smell). Although this could potentially be overcome using a double-dummy design, this is not practical nor ethical in the context of the trial setting, where the additional time taken to dispense and administer two treatments would delay treatment and prolong pain for the trauma patient.
Ethics and Dissemination
The MEDITA trial is sponsored by Mundipharma Pharmaceuticals S.r.l. and will be conducted in accordance with International Council on Harmonization Good Clinical Practice adhering to the ethical principles of the Declaration of Helsinki (1964 and subsequent amendments), as well as national and local guidelines. The trial has been approved by the Italian Medicines Agency and is registered with the European Union Clinical Trials Register (EudraCT number 2017-001565-25) and ClinicalTrials.gov (NCT03585374). All trial documents and procedures will be reviewed and approved by the appropriate Ethics Committees at each site. Written informed consent will be obtained from all patients before initiation into the trial. Given the emergency setting and the requirement for rapid analgesia, where the patient is unable to provide written informed consent, witnessed verbal consent will be obtained, with the patient signing the informed consent as soon as they are able.
CONCLUSION
Inhaled analgesic methoxyflurane has a number of characteristics that make it an attractive option as a pre-hospital and ED analgesic. It is portable, non-invasive, non-narcotic, simple to use and the patient can manage their own level of analgesia [16] . The STOP! study demonstrated a fast onset of pain relief for methoxyflurane (within 4 min) [22] , comparable with the onset of both IV morphine [41] and inhaled N 2 O [42] , and high patient satisfaction with the efficacy and tolerability of treatment. Methoxyflurane does not interfere with most other anaesthetic or analgesic agents, and its effects are rapidly reversed once inhalation stops (within 3-20 min), thus it does not limit subsequent assessment and treatment options [16] . Lowdose methoxyflurane analgesia may therefore address an unmet need in the emergency setting and provide simple, fast and effective pain relief able to avoid unnecessary suffering and improve patient flow. With methoxyflurane having recently been licensed in Europe for use in adult patients with trauma-associated pain, it is anticipated that the results of this study, along with findings of other recent studies [34, 43] , can provide additional clinical evidence to help inform treatment choices for acute trauma-related pain in the ED.
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